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L5: Entry 1 of 3 File: PGPB Jan 9, 2003 



DOCUMENT- IDENTIFIER: US 20030006768 Al 

TITLE: Magnetic resonance method for characterizing fluid samples withdrawn from 
subsurface earth formations 

Continuity Related Application Number (3) : 
6346813 

Continuity Data (3) : 
parent -patent 6346813 US 

Summary of Invention Paragraph (21) : 

[0020] Nuclear magnetic resonance (NMR) can be used to monitor contamination and 
analyze fluid samples in fluid sampling tools under downhole conditions. 
Measurements are performed in the flow line itself. The methods are inherently 
noninvasive and noncontacting . Since magnetic resonance measurements are volumetric 
averages, they are insensitive to flow regime, bubble size, and identity of the 
continuous phase . Nuclear magnetic resonance of hydrogen nuclei (protons) is 
preferred because of the ubiquity and good NMR characteristics of this nuclear 
species. However, magnetic resonance of other nuclear species is useful and so 
included within the scope of the present invention. 

Detail Description Paragraph (9) : 

[0037] An array of permanent magnets 25 is placed outside the thick-wall metal tube. 
These create a constant magnetic field, conventionally called B.sub.0, substantially 
perpendicular to the B.sub.l field generated by the antenna. To make chemical shift 
measurements (see below) B.sub.0 is preferably substantially uniform in the volume 
occupied by fluid. However, to measure relaxation time, diffusion coefficient, or 
spin density of hydrogen or other elements, B.sub.0 need not be particularly 
uniform. One suitable arrangement of permanent magnets is described by Halbach [K. 
Halbach, Nuc . Inst. Methods 169, 1-10 (1980); K. Halbach, Nuc . Inst. Methods 187, 
109-117 (1981) ] . 

Detail Description Paragraph (19) : 

[0044] All standard NMR measurements can be made using the apparatus described. 
These include measurements of spin density (proportional to NMR signal amplitude) , 
longitudinal and transverse relaxation times T.sub.l and T.sub.2 and, more 
generally, their distributions [R. L. Kleinberg, "Well Logging", Encyclopedia of 
Nuclear Magnetic Resonance, volume 8 pg 4960-4969, John Wiley & Sons, 1996] ; 
diffusion coefficient and other q-space measurements [P. Callaghan, "Principles of 
Nuclear Magnetic Resonance Microscopy", Clarendon Press, 1991]; flow velocity 
measurements [A. Caprihan and E. Fukushima, "Flow Measurements by NMR", Physics 
Reports, 198, 195-235 (1990)]; and chemical shift spectroscopy when the B.sub.0 
field is sufficiently uniform [H. J. Vinegar "Method of Determining Preselected 
Properties of a Crude Oil", U.S. Pat. No. 5,306,640 (1994)]. 

Detail Description Paragraph (30) : 

[0053] Many wells are drilled with muds in which oil is the continuous £!?.?.■?.?. • These 
muds are comprised of hydrocarbons ("base oil"), typically hexadecanes, plus salt 
water, solids, and chemical additives. Usually only the base oil, together with 
oil-soluble additives, enter the formation and mix with formation oils. Water and 
solids remain in the borehole, or form a filter cake on the borehole wall. The oil 
entering the formation is called "oil base mud filtrate". 
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Detail Description Paragraph (34) : 

[0057] As draw down continues/ the time dependence of viscosity of the oil phase in 
the flow stream, .eta. (t) , will vary as 

Detail Description Paragraph (49) : 

[0070] Spectroscopy: In ordinary laboratory practice, NMR spectroscopy can be used 
to distinguish families of hydrocarbons from each other. For example, protons in 
aromatic (ring) compounds such as benzene and naphthalene, have slightly different 
resonant frequency than protons in alkanes [H. J. Vinegar "Method of Determining 
Preselected Properties of a Crude Oil", U.S. Pat. No. 5,306,640 (1994)]. OBM 
filtrates can be distinguished from formation oils when they have distinctive 
molecular conformations. Monitoring the spectrum during pumpout provides 
fluid-selective information. For example, T.sub.l changes in the oil phase can be 
monitored independent of the signal from water. Incomplete polarization and hydrogen 
index effects reduce the amplitudes of individual spectral lines. The effects are 
the same as those affecting the amplitude measurement. Unlike the other techniques 
discussed, spectroscopy requires very good uniformity of the static magnetic field 
of the NMR apparatus: typically 1 part per million or better over the sample volume. 



Detail Description Paragraph (53) : 

[0074] Paramagnetic ion can also.be introduced in the flow line. 2 . times . 10 . sup . 18 
ions/cm. sup. 3 of Fe.sup.3+ will reduce water T.sub.l to 30 msec [Andrew, Nuclear 
Magnetic Resonance (1955)]. Tis is equivalent to 54 grams FeCl.sub.3 per 100 liters 
of water. For flow line doping to work, the water must be the continuous phase, and 
come into contact with the source of ions. 

Detail Description Paragraph (57) : 

[0078] Oil and water can be distinguished by many of the same techniques outlined 
above. Proton relaxation time differences may be based on viscosity, diffusion 
coefficient, paramagnetic relaxation agents, or NMR-visible trace elements. The 
water phase will have a very narrow relaxation time distribution in contrast to 
crude oil, which often has a broad distribution. Salt water has a large sodium 
and/or potassium NMR signal which will be absent in the oil phase . Sodium detection, 
in particular, offers a good way of monitoring water contamination of oil samples, 
even in the presence of gas. Chemical shift spectroscopy can separate oil and water 
resonances . 

Detail Description Paragraph (62) : 

[0082] Nuclear magnetic resonance (NMR) is a powerful fluid characterization 
technique. The volumes of individual components of fluid mixtures, and some physical 
properties of each component, can be measured. The method is inherently noninvasive 
and noncontacting. Since NMR measurements are volumetric averages, they are 
insensitive to flow regime, bubble size, and identity of the continuous phase . 

Detail Description Paragraph (90) : 

[0106] Chemical Shift Analysis: Proton NMR chemical shift can also be used to 
distinguish fluids [H. J. Vinegar, U.S. Pat. No. 5,306,640 (1994)]. Gas, light oil, 
and water have distinct chemical shifts [Dyer, Applications of Absorption 
Spectroscopy of Organic Compounds (1965) pg . 84-85] : 

Detail Description Paragraph (91) : 

[0107] The chemical shift of methane depends on pressure [Trappeniers and Oldenziel, 
Physica 82A, 581 (1976)], and whether it is in the gas phase or in solution [Rummens 
and Mourits, Canadian Journal of Chemistry 55, 3021 (1977)]. 

Detail Description Paragraph (92) : 

[0108] Fluids are distinguished when the B.sub.O measurement field is homogeneous to 
better than 1 part per million. The areas under the spectral lines are proportional 
to fluid volumes as described by Eqn (6) . Chemical »?iiJ!=JEL spectroscopy is 
particularly useful when oil and water have similar relaxation times. 

Detail Description Paragraph (98) : 

[0114] Oil viscosity can be determined if the oil signal is resolved from other 
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fluid signals by either relaxation analysis {see above) or chemical shift: analysis 
(see above). Also, oil viscosity can be related to the oil's diffusion coefficient, 
which may be measured using techniques described previously. 

Detail Description Paragraph (101) : 

[0117] When chemical shift; analysis is used, the longitudinal relaxation time, 
T.sub.l, of each spectral line can be determined by standard methods [H. J. Vinegar 
U.S. Pat. No. 5,306,640 (1994)]. Then viscosity can be found from Eqns (11a) and 

(lib) using the fact that T . sub . 1=T . sub . 2 for crude oils in the absence of magnetic 
field gradients. 

Detail Description Paragraph (114) : 

[0127] Spectroscopy: The NMR chemical shift depends on the molecular environment of 
a spin. Thus chemical conformation can be determined; this is one of the oldest and 
most widespread uses of nuclear magnetic resonance. Crude oils are complex mixtures 
of hydrocarbons, and NMR spectroscopy is used to identify characteristic bands. For 
example, aliphatic protons appear in one frequency band, while aromatic protons 
appear at another; both are distinguishable from water [H. J. Vinegar, U.S. Pat. No. 
5,306,640 (1994)]. Chemical shift spectroscopy can performed using either .sup.lH or 
.sup.l3C [Petrakis and Edelheit, Applied Spectroscopy Reviews 15, 195 (1979); Botto, 
"Fossil Fuels", Encyclopedia of Nuclear Magnetic Resonance (1996)] . 

Detail Description Paragraph (116) : 
[0129] Water Phase Salinity 

Detail Description Paragraph (118) : 

[0131] It is possible to estimate R.sub.W by measuring the concentration of 
current-carrying ions. Measuring individual concentrations of dissolved ions in the 
water phase is also very useful in interpreting flow line nuclear measurements of 
density and P.sub.e, the photoelectric absorption factor. The common ions in 
reservoir waters are ["Petroleum Engineering Handbook", H. B. Bradley, ed., Society 
of Petroleum Engineers, 1992, Chapter 24] : 

Detail Description Paragraph (128) : 

[013 9] By changing the operating frequency of the NMR apparatus, the quantities of 
various isotopes can be determined. NMR properties of commonly occurring elements in 
oilfield fluids may be found in Table 3 below. The best isotopes for NMR 
measurements are .sup.lH, .sup.23Na and .sup.35Cl. The NMR amplitude of the sodium 
or chlorine resonance in an oil/water mixture will give the volume of the water 
phase multiplied by the concentration of the ion. 

Detail Description Table CWU (1) : 

1 TMS CH.sub.4 H.sub.3C--C --CH.sub.2-- H. sub. 20 Shift (ppm) 10 9.77 9.1 8.7 4.7 
CLAIMS: 

3. The method of claim 1, wherein the indication of contamination comprises at least 
one of the following: viscosity, relaxation time, composition, trace element 
content, diffusion coefficient, proton density, signal amplitude, molecular 
conformation, and chemical shift . 

8. The method of claim 1, wherein analyzing the fluid in the flow channel comprises 
determining at least one of the following: fluid volume, diffusion coefficient, 
relaxation time, proton chemical shift, hydrogen/carbon ratio, viscosity, stock tank 
API gravity, and fluid composition. 

17. A method of analyzing water phase fluid in a downhole environment comprising: a) 
introducing a fluid sampling tool into" a well bore that traverses an earth 
formation; b) using the fluid sampling tool to extract fluid from the earth 
formation into a flow channel within the tool; c) applying a static magnetic field 
to the fluid in the flow channel; d) applying an oscillating magnetic field to the 
fluid in the flow channel; e) detecting magnetic resonance signals indicative of 
nuclei of at least one of the following from the fluid: sodium-23, chlorine-35, 
chlorine-37, and potassium-39; and f) analyzing the detected magnetic resonance 
signals to determine information about the water phase fluid. 
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20. The method of claim 19, further comprising analyzing the detected magnetic 
resonance signals to determine water phase resistivity. 

24. The method of claim 22, wherein determining a relaxation time comprises 
performing a chemical shift analysis on the detected magnetic resonance signals. 
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L5: Entry 3 of 3 File: USPT Feb 12, 2002 



DOCUMENT- IDENTIFIER: US 6346013 Bl 

TITLE: Magnetic resonance method for characterizing fluid samples withdrawn from 
subsurface formations 

US Patent No. (1) : 
6346013 



Brief Summary Text (21) : 

Magnetic resonance, e.g., nuclear magnetic resonance (NMR) and electronic spin 
resonance (ESR) can be used to monitor contamination and analyze fluid samples in 
fluid sampling tools as fluid draw-down proceeds. Measurements are performed in the 
flow line itself. The methods are inherently noninvasive and noncontacting . Since 
magnetic resonance measurements are volumetric averages, they are insensitive to 
flow regime, bubble size, and identity of the continous phase . Nuclear magnetic 
resonance of hydrogen nuclei (protons) is preferred because of the ubiquity and good 
NMR characteristics of this nuclear species. However, magnetic resonance of other 
nuclear and electronic species is useful and so included within the scope of the 
present invention. In general, the methods of analyzing a fluid according to the 
invention include introducing a fluid sampling tool into a well bore that traverses 
an earth formation. The fluid sampling tool extracts the fluid from the earth 
formation into a flow channel within the tool. While the fluid is in the flow 
channel, a static magnetic field is applied, and an oscillating magnetic field 
applied. Magnetic resonance signals are detected from the fluid and analyzed to 
extract information about the fluid. 

Brief Summary Text (24) : 

Magnetic resonance, e.g., nuclear magnetic resonance (NMR) is a powerful fluid 
characterization technique. The volumes of individual components of fluid mixtures, 
and some physical properties of each component, can be measured. The method is 
inherently noninvasive and noncontacting. Since NMR measurements are volumetric 
averages, they are insensitive to flow regime, bubble size, and identity of the 
continuous phase . The method comprises the steps of: 

Detailed Description Text (9) : 

An array of permanent magnets 25 is placed outside the thick-wall metal tube. These 
create a constant magnetic field, conventionally called B.sub.o, substantially 
perpendicular to the B.sub.l field generated by the antenna. To make chemical shift 
measurements (see below) B.sub.o is preferably substantially uniform in the volume 
occupied by fluid. However, to measure relaxation time, diffusion coefficient, or 
spin density of hydrogen or other elements, B.sub.o need not be particularly 
uniform. One suitable arrangement of permanent magnets is described by Halbach [K. 
Halbach, Nuc . Inst. Methods 169, 1-10 (1980); K. Halbach, Nuc . Inst. Methods 187, 
109-117 (1981) ] . 

Detailed Description Text (17) : 

All standard NMR measurements cain be made using the apparatus described. These 
include measurement s of spin density (proportional to NMR signal amplitude), 
longitudinal and transverse relaxation times T.sub.l and T.sub.2 and, more 
generally, their distributions [R. L. Kleinberg, "Well Logging", Encyclopedia of 
Nuclear Magnetic Resonance, volume 8 pg 4 960-4 969, John Wiley & Sons, 1996] ; 
diffusion coefficient and other q-space measurements [P. Callaghan, "Principles of 
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Nuclear Magnetic Resonance Microscopy", Clarend on Press, 1991]; flow velocity 
measurements [A. Capriban and E . Fukushima, "Flow Measurements by NMR", Physics 
Reports, 198, 195-235 (1990)]; and chemical shift: spectroscopy when the B.sub.o 
field is sufficiently uniform [H. J. Vinegar "Method of Determining Preselected 
Properties of a Crude Oil", U.S. Pat. No. 5,306,640 (1994)]. 



Detailed Description Text (28) : 

Many wells are drilled with muds in which oil is the continuous phase . These muds 
are comprised of hydrocarbons ("base oil"), typically hexadecanes, plus salt water, 
solids, and chemical additives. Usually only the base oil, together with oil-soluble 
additives, enter the formnation and mix with formation oils. Water and solids remain 
in the borehole, or form a filter cake on the borehole wall. The oil entering the 
formation is called "oil base mud filtrate". 



Detailed Description Text (32) : 

As draw down continues, the time dependence of viscosity of the oil phase in the 
flow stream, .eta.(t), will vary as " 

Detailed Description Text (45) : 

Spectroscopy: In ordinary laboratory practice, NMR spectroscopy can be used to 
distinguish families of hydrocarbons from each other. For example, protons in 
aromatic (ring) compounds such as benzene and naphthalene, have slightly different 
resonant frequency than protons in alkanes [H. J. Vinegar "Method of Determining 
Preselected Properties of a Crude Oil", U.S. Pat. No. 5,306,640 (1994)]. OBM 
filtrates can be distinguished from formation oils when they have distinctive 
molecular conformations. Monitoring the spectrum during pumpout provides 
fluid-selective information. For example, T.sub.l changes in the oil phase can be 
monitored independent of the signal from water. Incomplete polarization and hydrogen 
index effects reduce the amplitudes of individual spectral lines. The effects are 
the same as those affecting the amplitude measurement. Unlike the other techniques 
discussed, spectroscopy requires very good uniformity of the static magnetic field 
of the NMR apparatus: typically 1 part per million or better over the sample volume. 



Detailed Description Text (49) : 

Paramagnetic ion can also be introduced in the flow line. 2 . times . 10 . sup . 18 ions 
cm. sup. 3 of Fe.sup.3+ will reduce water T.sub.l to 30 msec [Andrew, Nuclear Magnetic 
Resonance (1955)]. This is equivalent to 54 grams FeCl.sub.3 per 100 liters of 
water. For flow line doping to work, the water must be the continuous phase, and 
come into contact with the source of ions. ~~ 

Detailed Description Text (53) : 

Oil and water can be distinguished by many of the same techniques outlined above. 
Proton relaxation time differences may be based on viscosity, diffusion coefficient, 
paramagnetic relaxation agents, or NMR-visible trace elements. The water pha3e will 
have a very narrow relaxation time distribution in contrast to crude oil, which 
often has a broad distribution. Salt water has a large sodium and/or potassium NMR 
signal which will be absent in the oil phase . Chemical shift spectroscopy can 
separate oil and water resonances. 

Detailed Description Text (69) : 

Nuclear magnetic resonance (NMR) is a powerful fluid characterization technique. The 
volumes of individual components of fluid mixtures, and some physical properties of 
each component, can be measured. The method is inherently noninvasive and 
noncontacting . Since NMR measurements are volumetric averages, they are insensitive 
to flow regime, bubble size, and identity of the continuous phase . 

Detailed Description Text (90) : 

Chemical SMJft Analysis: Proton NMR chemical shift can also be used to distinguish 
fluids [H. J. Vinegar, U.S. Pat. No. 5, 306, 640 "(19*94) ] . Gas, light oil, and water 
have distinct chemical shifts [Dyer, Applications of Absorption Spectroscopy of 
Organic Compounds (1965)" pgT"*84-85 . ] 

Detailed Description Text (91) : 

The chemical shift of methane depends on pressure [Trappeniers and Oldenziel, 
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Physica 82A, 581 (1976)], and whether it is in the gas phase or in solution [Rummens 
and Moutits, Canadian Journal of Chemistry 55, 3021 (1977)]. 

Detailed Description Text (92) : 

Fluids are distinguished when the B.sub.o measurement field is homogeneous to better 
than 1 part per million. The areas under the spectral lines are proportional to 
fluid volumes as described by Eqn (6) . Chemical shift; spectroscopy is particularly 
useful when oil and water have similar relaxation times. 

Detailed Description Text (96) : 

Oil viscosity can be determined if the oil signal is resolved from other fluid 
signals by either relaxation analysis (see above) or chemical shift analysis (see 
above) . 

Detailed Description Text (99) : 

When chemical shift analysis is used, the longitudinal relaxation time, T.sub.l, of 
each spectral line can be determined by standard methods [H. J. Vinegar U.S. Pat. 
No. 5,306,640 (1994)] . Then viscosity can be found from Eqn (5) using the fact that 
T.sub.l =T.sub.2 for crude oils in the absence of magnetic field gradients. 

Detailed Description Text (102) : 

Spectroscopy: The NMR chemical shift depends on the molecular environment of a spin. 
Thus chemical conformation can be determined; this is one of the oldest and most 
widespread uses of nuclear magnetic resonance. Crude oils are complex mixtures of 
hydrocarbons, and NMR spectroscopy is used to identify characteristic bands. For 
example, aliphatic protons appear in one frequency band, while aromatic protons 
appear at another; both are distinguishable from water [H. J. Vinegar, U.S. Pat. No. 
5,306,640 (1994)]. Chemical shift spectroscopy can performed using either . sup . 1 H 
or .sup. 13 C [Petrakis and Edelheit, Applied Spectroscopy Reviews 15, 195 (1979); 
Botto, "Fossil Fuels", Encyclopedia of Nuclear Magnetic Resonance (1996)]. 

Detailed Description Text (104) : 
Water Phase Salinity 

Detailed Description Paragraph Table (1) : 

TMS CH.sub.4 H.sub.3 C--C --CH.sub.2 -- H.sub.2 0 Shift (ppm) 10 9.77 9.1 8.7 4.7 
Other Reference Publication (21) : 

Rummens, Frans H.A. and Mourits, Frank M. , Intermolecular Interactions in Nuclear 
Magnetic Resonance .XI . The . sup . 13 C and Proton Medium Shifts of CH.sub.4 in the Gas 
Phase and in Solution, Canadian Journal of Chemistry, 55 (1977) p. 3 021. 

CLAIMS : 

5. The method of claim 4, wherein analyzing the detected magnetic resonance signals 
comprises performing a chemical shift analysis. 
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